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The main manuscript details simulations with the version of a computational model of the basal ganglia thalamic circuit
(Terman et al., 2002; Rubin and Terman, 2004) described here. The XPP implementation will be provided upon request.

Briefly, sixteen point neurons in each of the four regions — subthalamic nucleus (STN), globus pallidus externus
(GPe), globus pallidus internus (GP1i) and pallidal receiving thalamic cells (TC) — comprise the model. Each neuron is
represented by ordinary differential equations (ODEs) describing the membrane potential and ionic channel conductance
gates as described below. All parameter values are listed in Tables 1-4.

Basal Ganglia Neurons. Neurons in basal ganglia (i.e. STN, GPe and GPi) were described by five ODE:s.
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Applied (/) and synaptic (/) currents are discussed in the main text, NEURONAL INPUTS. lonic currents were:
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Gating steady states and time constants were wa( l1+e and T =7 ,+7 ,/|1+e =) ) For pallidal
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neurons b, =r, while for STN neurons br:( 1 _8714.2%)/( 1,028+e714'29r)

Thalamic Neurons. Thalamic cells were described by three ODEs:
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where the current from sensory motor cortex (/) was a time varying input signal. The ionic currents were:
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where the steady state gating variables were described by x :( 14770 "*) , with time constants
-1
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128" + TESRE and T,=28+¢" . The potassium activation gate was defined in
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terms of the sodium inactivation gate: n = % (1-h).
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Tables
Table 1. Current Parameters Table 2a. Advanced Gate Parameters
STN GPe GPi TC 0 c O | T | T | VY &
Cm pF/um? 1 1 1 1 mV| mV|, @ | ms | ms|mV| mV
\'%3 mV -60 -55 -55 -70 STN
Via mV 55 55 55 50 h | -39 3.1]0.75| 1.0 | 500 | -57 | 3.0
Vk mV -80 -80 -80 -90 n | -321-8.0(0.75 1.0 | 100 | -80 | 26
Vea mV 140 120 120 0 r | -67|20]0.50| 7.1 |17.5| 68 | 2.2
Go nS/um? | 2.25 0.10 0.10 0.05 GPe & GPi
Gna | nS/pum? | 37.5 120 120 3 h | -58] 12 | .05 .05 | .27 | -40 | 12
Gk | nS/um? 45 30 30 5 n | -50|-14| .10 | .05 | .27 | -40 | 12
Gr nS/um? 0.5 0.5 0.5 5 r |-70 | 2 1 30| 0 0 1
Gca | nS/um? | 0.50 0.15 0.15
Gap | nS/um? 9 30 30 Table 2b. Simple Gate Parameters
€ um*/zC | 37.5 100 100 0 o 0 | o 0 | o
kea | pA/um? | 22.5 15 15 mV | mV mV | mV mV | mV
Kanp 0] 15 30 30 STN GPe & GPi TC
m | -30 | -15 m | -37 | -10 h | -41 4.0
Table 3. Synaptic Parameters s |-39]-8.0 s | -35] -2 r | -84 4.0
synapses from | STN GPe GPi a | -63]-78 a | -57| -2 m | -37 |-7.0
Vsyn mV 0 -85 -85 p | -60 |-6.2
Gyn | nS/um* | 0.15 0.50 0.04
o ms™! 3 2 2 Table 4. Tonic Applied Currents
B ms”’ 0.01 0.04 0.04 STN GPe GPi
0, mV -9 -37 -37 CTRL | w/PD | CTRL | w/PD
o, mV -8 -2 -2 Lyp | pA/um? 25 20£2 | 542 21 12
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